A xylanase gene, xyn7c, was cloned from Paenibacillus sp. 12-11, an alkalophilic strain isolated from the alkaline wastewater sludge of a paper mill, and expressed in Escherichia coli. The full-length gene consists of 1,296 bp and encodes a mature protein of 400 residues (excluding the putative signal peptide) that belongs to the glycoside hydrolase family 10. The optimal pH of the purified recombinant XYN7C was found to be 8.0, and the enzyme had good pH adaptability at 6.5-8.5 and stability over a broad pH range of 5.0-11.0. XYN7C exhibited maximum activity at 55 o C and was thermostable at 50 o C and below. Using wheat arabinoxylan as the substrate, XYN7C had a high specific activity of 1,886 U/mg, and the apparent K m and V max values were 1.18 mg/ml and 1,961 µmol/mg/min, respectively. XYN7C also had substrate specificity towards various xylans, and was highly resistant to neutral proteases. The main hydrolysis products of xylans were xylose and xylobiose. These properties make XYN7C a promising candidate to be used in biobleaching, baking, and cotton scouring processes.
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Keywords: Alkaline xylanase, Paenibacillus sp., Escherichia coli, protease resistance Xylanase (E.C. 3.2.1.8) randomly catalyzes the hydrolysis of the main polysaccharide chain present in xylan to produce xylooligosaccharides and xylose [6] . According to the primary structures, xylanases are confined to glycosyl hydrolase families 10 and 11 [10] . Xylanases have been applied in a variety of industrial processes [2] . In the pulp and paper industry, xylanases are amended to conventional processes to reduce the use of chlorine and/or chlorine dioxide in bleaching [1] . In the food industry, xylanases are used as food additives to improve the dough handling and the quality of baked products [21] . Xylanases are also used in feed, bioconversion of lignocellulosic materials, clarification of juices, and brewing industries [33] . Combination of xylanases and other glycosyl hydrolases is common in various fields for better effect [2] .
Numerous xylanases have been isolated and characterized from fungi [31] and bacteria [11] . The pH optima of fungal xylanases are around 5, whereas that of bacterial xylanases is generally slightly higher [40] . Ideal industrial xylanases for specific applications should possess favorable properties. For example, thermophilic and alkaline xylanases are preferred in biobleaching.
Microbes from extreme or special environments have been the good sources of xylanases in the recent years. In the present work, we isolated an alkalophilic Paenibacillus strain having significant xylanase activity from the alkaline wastewater sludge of a paper mill. The related gene was cloned and expressed. The recombinant xylanase had some superior properties, and had potentials for application in various industries.
MATERIALS AND METHODS

Microorganism Isolation
The alkaline wastewater sludge was collected from the discharge of a paper mill in Henan Province, China. It was stored at -20 o C before use. The pH value of the sample was determined to be pH 9.0. The enrichment medium for selection of xylan-degrading strains contained *Corresponding author B. Yao Phone: +86 10 82106063; Fax: +86 10 82106054; E-mail: yaobin@caas-bio.net.cn P. Yang Phone: +86 10 82106063; Fax: +86 10 82106054; E-mail: yangpl@mail.caas.net.cn 1% birchwood xylan, 0.5% peptone, and 0.5% NaCl. After incubation at 37 o C for 36 h with agitation, the dilute suspension was spread onto agar plates containing 0.5% birchwood xylan, 0.5% peptone, and 0.1% KH 2 PO 4 (pH 10.0) [17] . Pure cultures obtained through repeated streaking were tested for xylanase activity by flooding plates with 0.1% Congo red [39] . One strain, namely 12-11, with significant xylanase activity was selected for further study. The taxon of strain 12-11 was identified by comparison of the 16S rDNA sequence amplified using primers 27f and 1492r [27] with that in GenBank.
Strains, Vectors, and Materials
The pGEM-T Easy vector (Promega, USA) and pET-22b (+) (Novagen, Germany) were used for gene cloning and expression, respectively. Escherichia coli JM109 (TaKaRa, Japan) was used for the construction and propagation of recombinant plasmids. E. coli BL21 (DE3) (Novagen) was used as the host for heterogeneous expression. The DNA purification kit, LA Taq DNA polymerase with buffer, and restriction endonucleases were purchased from TaKaRa. T4 DNA ligase and buffer were obtained from NEB (USA). Substrates oat spelt xylan, birchwood xylan, beechwood xylan, CMC-Na, Avicel, barley β-glucan, PNP-cellobioside, and PNP-xylopyranoside; and proteases trypsin (from bovine), α-chymotrypsin (type II from bovine), proteinase K, subtilisin A (type VIII from Bacillus licheniformis), and collagenase (type IV from Clostridium histolyticum) were purchased from Sigma (USA). Wheat arabinoxylan was obtained from Megazyme (Australia). All the other chemicals were of analytical grade and commercially available.
Gene Cloning
Genomic DNA of strain 12-11 was extracted using a genomeextracting kit (TIANGEN, China) and used as the template for PCR amplification. Table 1 .
Sequence Analysis
Sequence analysis and assembly, and molecular mass prediction of the mature peptide were performed with Vector NTI 7.0 software (InforMax, USA). Homology searches against NCBI database were performed using the BLAST server (http://www.ncbi.nlm.nih.gov/ BLAST). The signal peptide was predicted using SignalP (http:// www.cbs.dtu.dk/services/SignalP/). The three-dimensional structure was predicted using the SWISS-MODEL with xylanase B from Clostridium stercorarium F9 (2DEP_A) as the template. Multiple alignments of protein sequences were conducted using the ClustalW program (http://www.ebi.ac.uk/clustalW) and GeneDoc software.
Expression of xyn7c in E. coli
The gene fragment without the signal peptide coding sequence was PCR amplified with two expresssion primers, pET22-7-c-EF and pET22-7-c-XR (Table 1 ). The PCR conditions were as follows: 4 min at 95 
Purification of the Recombinant Xylanase
The induced culture was centrifuged at 10,000 ×g, 4 o C, for 10 min to remove cell debris. The cell-free supernatant was concentrated with a Hollow Fiber Membrane Module (Motian, China). The crude enzyme (5-10 ml) was applied to a Ni-NTA chelating column (Qiagen, Germany) equilibrated with buffer A [20 mM Tris-HCl, 500 mM NaCl, and 10% (w/v) glycerol, pH 7.6]. Elution was carried out with a gradient of imidazole (0, 20, 40, 60, 80, 100, 200 , and 500 mM) Restriction sites are underlined. R represents A or G; N represents A, C, G, or T; and Y represents C or T.
